Galaxies with "rows" in Vorontsov-Velyaminov's terminology stand out among the variety of spiral galactic patterns. A characteristic feature of such objects is the sequence of straightline segments that forms the spiral arm. In 2001 A. Chernin and co-authors published a catalog of such galaxies which includes 204 objects from the Palomar Atlas. In this paper, we supplement the catalog with 276 objects based on an analysis of all the galaxies from the New General Catalogue and Index Catalogue. The total number of NGC and IC galaxies with rows is 406, including the objects of . The use of more recent galaxy images allowed us to detect more "rows" on average, compared with the catalog of Chernin et al. When comparing the principal galaxy properties we found no significant differences between galaxies with rows and all S-typeNGC/IC galaxies.We discuss twomechanisms for the formation of polygonal structures based on numerical gas-dynamic and collisionless Nbody calculations, which demonstrate that a spiral pattern with rows is a transient stage in the evolution of galaxies and a system with a powerful spiral structure can pass through this stage. The hypothesis of A. that the occurrence frequency of interacting galaxies is twice higher among galaxies with rows is not confirmed for the combined set of 480 galaxies. The presence of a central stellar bar appears to be a favorable factor for the formation of a system of "rows".
INTRODUCTION
Straight-line segments that form the spiral pattern can be seen in the images of some spiral galaxies. Vorontsov-Velyaminov [1] , must be the first to point out this feature, calling the said segments "rows". Such rather long and 3. Straight-line segments can be subdivided into two types: those that form rather regular global structure of the spiral arm and one-two segments that do not form the global spiral pattern.
4. "Rows" are observed mostly in galaxies of late morphological types Sbc-Scd.
5. Straight-line segments occur more often in interacting galaxies.
6. The average number of "rows" in a galaxy is N = 3.
7. Galaxies with "rows" are rather rare objects making up for about ∼ 7% of all spiral galaxies with welldefined spiral arms.
Note that these results are based on an analysis of photographic plates and Palomar Atlas images. In this paper we report the results of an analysis of our catalog of galaxies with polygonal structures, which lists 276 objects not included into the earlier published catalog [3] . When combined, these catalogs include all NGC and IC galaxies with "rows".
SAMPLE OF GALAXIES WITH "ROWS"

General Characterization
When searching for galaxies with "rows"
(straightline arm segments) we inspected more than 30 000 images of spiral galaxies taken in different parts of the spectrum and adopted from astronomical databases. This includes all spiral galaxies in the NGC/IC catalogs. Our analysis revealed 276 galaxies with straight-line segments in addition to the 204 galaxies with "rows" listed in the catalog of Chernin et al. [3] . We imposed the following additional constraints: declination δ > −45 • , objects should be brighter than 15 m , inclination of the galaxy to the line of sight i < 70 • , distance less than 200 Mpc, and R 25 30 kpc. When compiling our sample we used images from all available sources including DSS, SDSS, GALEX, 2MASS, and HST.We show some examples of galaxies with "rows" in 1. We also identify so-called hexagonal structures [2, 5] We performed primary selection by examining galaxy images from astronomical databases.We then processed the images of such galaxies as described in [6] . We transformed the image of a galaxy with rows to the "face-on" form (i ≈ 0)
by rotating it for the major axis to coincide with one of the coordinate axis and stretching the image along the direction of the minor axis assuming that the disk is infinitely thin. We then superimposed onto the transformed galaxy image lines tracing the geometry of "rows". We then LEDA are adopted from HyperLeda (See [7] and http://leda.univ-lyon1.fr/). ARP the number of the object in the catalog of peculiar galaxies.
M the object belongs to a pair or a group of galaxies according to HyperLeda data.
Grp the object is included in the catalog of Makarov and Karachentsev [8] .
UNGC the object is included into the catalog of Karachentsev et al. [9] and has large tidal index (Θ 2.0). asym the object is asymmetric with pronounced signs of interaction.
Note that unlike the sample constructed by
Chernin et al. [3] , only 12 of our selected 276 galaxies are mentioned in the Catalog of interacting galaxies of Vorontsov-Velyaminov (VV). . When analyzing our sample we used, in addition to the VV catalog, the catalog of peculiar galaxies (ARP), tidal index estimates for Local group galaxies [8, 9] , and information from the HyperLeda database, namely, the multiple parameter, which is equal to M if the object belongs to a group. The small fraction of interacting galaxies in our sample may be due to the fact that objects with the most conspicuous signs of interaction have already been 
Statistical Properties
To analyze the possibility of merging our sample with that of catalog [3] , we identified "rows" in six randomly selected objects from [3] using the corresponding SDSS/DSS images instead of the Palomar Atlas images and found our results to differ appreciably from those of Chernin et al.
in terms of the number of "rows" (Table 2) At the same time, the distributions of other properties of galaxies with polygonal structures from [3] , agree well with the corresponding distributions reported in this paper, and we show them both separately (for the sample from [3] with the updated parameter values from HyperLeda database, and for our sample) and for the combined sample.
Let us now compare the statistical properties of our sample with the results of Chernin et al. [3] . Figure 2 shows the distributions of morphological types. This distribution for our galaxy is slightly shifted toward earlier-type galaxies compared to the corresponding distribution in [3] .
Figs. 3a and 3b show the distributions of absolute magnitudes of galaxies for the two catalogs. structures in the spiral density wave due to more suitable conditions for the development of strong galactic shocks (GS) in the stronger potential of the stellar density wave. The number of "rows" N in galaxies of our catalog varies from one to 11 with a mean of N = 4 (Fig. 4) . In the case of catalog [3] the average number of "rows" for the entire sample is close to three with two or three "rows" found inmost of the galaxies. The distribution of the number of "rows" in our sample is rather broad with a less pronounced maximum (see Fig. 4б ). Like in the catalog of Chernin et al. [3] , we found no correlation between the number of "rows" and absolute magnitude M B . (Fig. 5) . The average length of a "row" is L = 6.6 kpc, and the median length is 5.6
kpc. These results are almost twice the values for catalog [3] . This discrepancy is due to (1) higher fraction of long "rows" because our analysis reveals more extended spiral structure and (2) because of the increase of L with galactocentric distance r combined with high quality of SDSS images of peripheral parts of galaxies and the fact GALEX images allow tracing spiral structure far beyond the optical radius.
Like in the case of catalog [3] , we find the length of the "row" to correlate with galactocentric distance d of the end of the "row": the farther from the center, the longer the "rows" (Fig. 6 ). The length of the "row" and galacto- (b) for our sample of galaxies.
ral pattern, and we exclude these objects from consideration. Figure 7 demonstrates the qualitative similarity of galaxies with "rows" and all S-type NGC and IC galaxies as far as the distribution of inclinations iis concerned. In both cases we have a bell-shaped distribution with a maximum near 40 • for galaxies with "rows" and 50 • for all S-type galaxies. The nonuniformity of the distribution is due to observational selection and the method used to determine inclination based on the photometric axis ratio b:a. Because of the presence of the bar, bulge, and various shape distortions in interacting galaxies and objects of late morphological types such axial-ratio based estimates should evidently result in systematic deviations from uniform distributions both for galaxies with small (face-on) and large (edge-on) inclinations i
Straight-line segments are difficult to identify in galaxies with large inclination and that us why,
given the incompleteness of our sample, hereafter for inclinations i 55 • (see Fig. 7 ), we show the distributions for both the combined sample of galaxies with "rows", and separately for galaxies with i < 55 • . The angle between the adjacent "rows" is usually close to α = 120 • (Fig. 8) . The average angle is equal to 126 • , both for our entire sample and for barred galaxies, in agreement with the result of Chernin et al. [3] . According to HyperLeda, UBV photometry with color indices corrected for selective Galactic extinction and galaxy disk inclination is available for 34% of the galaxies with "rows" from our catalog. Figure 10 shows
color-color diagram, where diamond symbols indicate updated data or the sample of Chernin et al. [3] , and the crosses and circles show the positions of objects of our sample. The data points for all galaxies with "rows" agree well with the intrinsic color relation, which is shown by the solid line.
FORMATION MECHANISMS OF POLYGONAL STRUCTURES
Two possible formation mechanisms for polygonal structures have been discussed in the literature. Chernin [11, 12] proposed hydrodynamical mechanism based on particularities of the dynamics of the global galactic shock. Because of the instability of the shock front it tends to become locally flat and polygonal structure forms. This mechanism is bona fide reproduced in numerical simulations of various authors [13] [14] [15] [16] [17] . Figure 11 shows the results of our numerical N-body models where straight-line arm segments and even almost kink points can be seen. Let us point out -These structures arise rather seldom and for a short time, usually during the initial stages of the development of gravitational instability; Figure 10 . Color-color diagram for galaxies with "rows": the diamond symbols show the data for the full sample of Chernin et al. [3] ; the circles and crosses show the objects of our sample with i < 55
• , and i 55
respectively. The color indices are corrected for selective Galactic extinction and galaxy disk inclination.
Actual data from HyperLeda are used.
-Polygonal structure consists of one to three "rows", unlike what we have in gasdynamic models, where a global system of "rows" forms.
We already pointed out that according to In many cases "rows" can be identified with the locations of giant molecular clouds and stellar complexes whose formation is associated with the stellar density wave and Galactic shocks [25] [26] [27] [28] . Chernin [11, 12] , analyzed the gas-dynamic mechanism of the formation of the polygonal structure based on properties 1 and 2 of the Section 1. A number of studies [13] [14] [15] [16] [17] , used numerical simulations to tackle the problem of the formation of straight-line segments in the gaseous disk of the galaxy in the gravitational potential of a smooth spiral wave, and the results of these studies agree practically with all the observed properties of galaxies with "rows".
After the development of the global shock in numerical models its front becomes unstable, the shock moves out of the spiral gravitational wave and the front becomes flat. As a result, the straight segments of the shock forma polygonal structure with the properties similar to those observed in real galaxies [13] . Our analysis makes it possible to identify objects where apparently only the gas-dynamicmechanism is operating. This is primarily true for objects where the spiral arms and "rows" in GALEX images extend beyond the stellar disk. Furthermore, one to two "rows" can usually be found in a single arm in 2MASS images of the old stellar disk (only in NGC 4303 a kink can be seen in each of the three arms, whereas three or more segments in a single arm can be recognized only in the NGC 5156
and IC 5325 galaxies). The gasdynamic mechanism appears to dominate in galaxies with many "rows".
DISCUSSION AND CONCLUSIONS
In this study we found 276 more NGC and IC objects with straight-line segments of spiral arms in addition to those listed in the catalog of galaxies with "rows" compiled by Chernin et al. [3] . Together with the 130 NGC objects from catalog [3] , they make up a combined sample of 23 406 galaxies. Unlike Chernin et al. [3] , whose catalog is based on an analysis of Palomar Atlas objects, we analyzed all NGC/IC galaxies thereby ensuring the completeness of our sample subject to additional constraints on the observed properties. An analysis of the images of all 7143 NGC/IC spiral galaxies allowed us to find at least one "row" in the structure of the spiral pattern of 406 objects. Thus the occurrence frequency of galaxies with "rows" among the nearest objects is of about 6%. Of these, 77% have central bars. A substantial fraction (38%) of objects with "rows" have rings. Note that 13 (4%) objects are included into the catalog of early-type galaxies with outer rings [29] (nine of them are included in our sample and four objects are listed in catalog [3] ).
Unlike objects of the catalog of Chernin et al. [3] , where the fraction of interacting galaxies amounts to 44% (90 objects), our sample contains only about 13.8% (38 objects) interacting or highly asymmetric systems. As a result, the combined sample of all 480 objects with "rows" contains only 128 interacting galaxies (27%).
Hence the hypothesis of Chernin et al. [3] that interacting galaxies occur almost twice more often among galaxies with "rows" is not supported by the analysis of the combined sample of 480 objects.
Of the 276 new objects 232 galaxies (84%) have two-armed spiral pattern, 8% have three arms, and about 8% galaxies have more than three arms. Only 12 objects (4.3%) exhibit welldefined flocculent spiral pattern, and the corresponding fraction is also low in sample [3] .
"Rows" in all arms were found only in 59% of our polygonal galaxies, 28% galaxies (78 objects)
have "rows" only in one arm.
We used optical images to schematically outline the "rows" in spiral arms and perform subsequent measurements of linear and angular sizes in most of the galaxies of our sample (93%).
DSS images were the main source for identifying polygonal structures for 164 objects (59%):
DSS2 Blue (XJ+S) for 145 objects and DSS colored (composite color DSS image) for 19 objects.
SDSS DR9 color images are used to construct images of "rows" for 89 objects (32%) of our sample.
In four galaxies the "rows" are best recognized in optical images of the Hubble Space Telescope (HST). Only for 19 galaxies (7%) of our entire sample we used GALEX data as the main images for recognizing polygonal structures, however, "rows" could be recognized in ultraviolet in 51 (18%)galaxies of our sample. In the infrared (2MASS) straight-line segments of spiral arms can be recognized in 18 (7%) objects, these images usually reveal one to two "rows", whereas more such structures can be seen in optical or ultraviolet images. Note also that red DSS images (DSS2 Red (F+R)) reveal "rows" only for 13 objects of our sample.
Except for our estimate of the fraction of interacting galaxies all other statistical properties of our sample agree well with the results of the analysis of the catalog of Chernin et al. [3] . The 24 hypothesis about high gas content in galaxies with "rows" proposed by Chernin et al. [3] , argues for hydrodynamical mechanism of the formation of straight-line segments due to the instability of powerful shocks, which agrees with the results of numerical simulations [13] [14] [15] [16] [17] . Numerical models suggest transient nature of the formation of polygonal structures, which arise and disappear during the evolution of the galactic disk.
The data for our sample also qualitatively suggest that "rows" are non-stationary, because the spiral pattern in about 40% of the galaxies does not form any regular geometric structure.
Note also that the number of "rows" in galaxies of our sample is, on the average, appreciably greater than in catalog [3] . This, in turn, is due to the use of images from more recent digital surveys taken in various wavelength ranges, unlike the analysis of Chernin et al. [3] , which was based on a homogeneous sample of blue images from the Palomar atlas. Kuz'min for assistance.
ACKNOWLEDGMENTS
